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(57) ABSTRACT

According to one embodiment, a semiconductor device
includes a switching element and a diode provided on a sub-
strate. The switching element includes a first semiconductor
layer, a drain region, a source region, a channel region, a gate
insulating film, and a gate electrode. The diode includes a
second semiconductor layer, an anode region, and a cathode
region.
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1
SWITCHING ELEMENT AND A DIODE
BEING CONNECTED TO A POWER SOURCE
AND AN INDUCTIVE LOAD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-191112,
filed on Sep. 13, 2013; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor device.

BACKGROUND

In a switching device connected to an inductive load such
as a coil, when the gate is OFF, a current flows through the
body diode (parasitic diode) of the switching device due to
energy accumulated in the inductive load. This may operate a
thyristor that is parasitic in the switching device, a substrate
on which the switching device is formed, and another device
formed on the same substrate; and may cause breaking of the
other device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view of a semicon-
ductor device of an embodiment;

FIG. 2 is a circuit diagram of the semiconductor device of
the embodiment;

FIG. 3 is a chart showing an example of an impurity con-
centration in the semiconductor device of the embodiment;

FIG. 4 is a circuit diagram of the semiconductor device of
the embodiment;

FIG. 5 is a schematic cross-sectional view of a semicon-
ductor device of another embodiment;

FIG. 6 is a schematic cross-sectional view of a semicon-
ductor device of another embodiment;

FIG. 7 is a circuit diagram of a semiconductor device of
another embodiment;

FIG. 8 is a schematic cross-sectional view of a semicon-
ductor device of another embodiment; and

FIGS. 9A to 9C are schematic plan views of semiconductor
devices of another embodiment.

DETAILED DESCRIPTION

According to one embodiment, a semiconductor device
includes a switching element and a diode provided on a sub-
strate. The switching element includes a first semiconductor
layer, a drain region, a source region, a channel region, a gate
insulating film, and a gate electrode. The first semiconductor
layer is provided in the substrate and electrically isolated
from the substrate. The drain region is provided on a surface
of'the first semiconductor layer. The source region is provided
apart from the drain region on the surface of the first semi-
conductor layer and has a same conductivity type as the drain
region. The channel region is provided between the drain
region and the source region on the surface of the first semi-
conductor layer and has a conductivity type opposite to the
conductivity type of the drain region and the source region.
The gate insulating film is provided on the channel region.
The gate electrode is provided on the gate insulating film. The
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diode includes a second semiconductor layer, an anode
region, and a cathode region. The second semiconductor layer
is provided in the substrate and electrically isolated from the
substrate. The anode region is provided on a surface of the
second semiconductor layer. The cathode region is provided
apart from the anode region on the surface of the second
semiconductor layer.

Hereinbelow, embodiments are described with reference to
the drawings. In the drawings, identical components are
marked with the same reference numerals. Although in the
following embodiments a description is given using the
p-type as the first conductivity type and the n-type as the
second conductivity type, the embodiments can be carried out
also by using the n-type as the first conductivity type and the
p-type as the second conductivity type.

FIG. 1 is a schematic cross-sectional view of a semicon-
ductor device of an embodiment.

The semiconductor device of the embodiment has a struc-
ture in which a switching element 5, a diode 6, and a logic
element 7 are mixedly mounted on the same substrate 10.

The substrate 10 is a P-type semiconductor substrate, such
as a P-type silicon substrate. The semiconductor layer (re-
gion) described below is a silicon layer (region). Alterna-
tively, the substrate 10 and the semiconductor layer (region)
are not limited to silicon, and may be silicon carbide, gallium
nitride, or the like, for example.

An insulating film 30 of an STI (shallow trench isolation)
structure is provided between elements that are intended to be
separated on the surface of the semiconductor layer, for
example.

An analog integrated circuit including the logic element 7
is formed in a center-side region of the semiconductor device
in a chip form, for example. The switching element 5 and the
diode 6 are formed in a region around the chip, for example.
The switching element 5 is formed in a region between the
logic element 7 and the diode 6, for example.

Thelogic element 7 and the switching element 5 are dielec-
trically isolated by the insulating film 30 formed between
them. The switching element 5 and the diode 6 are diclectri-
cally isolated by the insulating film 30 formed between them.

The switching element 5 is a P-channel DMOS (double
diffused metal oxide semiconductor field effect transistor),
for example. In the DMOS, the channel is formed by double
diffusion, and the difference in the lateral diffusion of the
diffusion region is used as the effective channel length.

The switching element 5 includes an N-type semiconduc-
tor layer 11 (as a first semiconductor layer) formed in the
substrate 10. The N-type semiconductor layer 11 and the
P-type substrate 10 are joined together by p-n junction, and
the N-type semiconductor layer 11 is electrically isolated
from the substrate 10. The substrate 10 is grounded, and the
N-type semiconductor layer 11 is connected to the source
potential of the switching element 5 via an N-type semicon-
ductor region 24 and an N*-type semiconductor region 33.

A pair of P™-type semiconductor regions 26 are formed on
the surface of the N-type semiconductor layer 11, and a
P-type semiconductor region 23 is formed between the pair of
P~-type semiconductor regions 26. The P-type impurity con-
centration of the P-type semiconductor region 23 is higher
than the P-type impurity concentration of the P~-type semi-
conductor region 26.

A P*-type drain region 21 is formed on the surface of the
P-type semiconductor region 23. The P-type impurity con-
centration of the P*-type drain region 21 is higher than the
P-type impurity concentration of the P-type semiconductor
region 23.
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Both side surfaces of the P*-type drain region 21 are in
contact with the insulating film 30 formed on the surface of
the P~-type semiconductor region 26.

A pair of N-type semiconductor regions 24 are formed on
the surface of the N-type semiconductor layer 11 apart from
each of the pair of P~-type semiconductor regions 26.

A P*-type source region 22 is formed on the surface of each
N-type semiconductor region 24.

The N*-type semiconductor region 33 is formed adjacent
to the P*-type source region 22 on the surface of each N-type
semiconductor region 24. The N-type impurity concentration
of the N*-type semiconductor region 33 is higher than the
N-type impurity concentration of the N-type semiconductor
region 24.

One side surface of the N*-type semiconductor region 33 is
in contact with the P*-type source region 22, and the other
side surface is in contact with the insulating film 30.

A side surface of the P*-type source region 22 on the
P*-type drain region 21 side is located in the N-type semi-
conductor region 24. The N-type semiconductor layer 11 is
formed between the N-type semiconductor region 24 and the
P~-type semiconductor region 26.

The surface area of the N-type semiconductor region 24
and the surface area of the N-type semiconductor layer 11
formed between the P*-type source region 22 and the P™-type
semiconductor region 26 function as a channel region 27.

A gate insulating film 29 is provided on the channel region
27 and on the surface of the p~-type semiconductor region 26
adjacent to the channel region 27. A gate electrode 28 is
provided on the gate insulating film 29.

A drain electrode 31 is provided on the P*-type drain region
21. The P*-type drain region 21 is in ohmic contact with and
electrically connected to the drain electrode 31 by a desired
method of being in direct contact, being in contact via a metal
silicide layer, or the like.

A source electrode 32 is provided on the P*-type source
region 22. The P*-type source region 22 is in ohmic contact
with and electrically connected to the source electrode 32 by
a desired method of being in direct contact, being in contact
via a metal silicide layer, or the like.

The source electrode 32 is provided also on the N*-type
semiconductor region 33, and is in contact with the N*-type
semiconductor region 33.

Each semiconductor region and the gate electrode 28 of the
switching element 5 are formed in a striped planar pattern, for
example.

In the switching element 5 described above, when a desired
gate voltage is applied to the gate electrode 28, an inversion
layer (P channel) is formed in the channel region 27, and a
current flows between the source electrode 32 and the drain
electrode 31 via the P*-type source region 22, the channel
region 27, the P~-type semiconductor region 26, the P-type
semiconductor region 23, and the P*-type drain region 21. In
the P~-type semiconductor region 26 and the P-type semicon-
ductor region 23, a current flows to go round in a region under
the insulating film 30.

The insulating film 30 formed on the drain side enhances
the breakdown voltage of the switching element 5. The
P~-type semiconductor region 26 with a lower P-type impu-
rity concentration than the P*-type drain region 21 is depleted
during gate OFF, and improves the breakdown voltage.

The P-type semiconductor region 23 with a P-type impu-
rity concentration between the P-type impurity concentration
of'the P~-type semiconductor region 26 and the P-type impu-
rity concentration of the P*-type drain region 21 is provided
between the P~-type semiconductor region 26 and the P*-type
drain region 21; thereby, the decrease in breakdown voltage
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due to a sharp change in impurity concentration from the
P~ -type semiconductor region 26 to the P*-type drain region
21 can be suppressed.

Next, the diode 6 is described.

The diode 6 includes an N-type semiconductor layer 12
formed in the substrate 10. The N-type semiconductor layer
12 and the P-type substrate 10 are joined together by p-n
junction, and the N-type semiconductor layer 12 is electri-
cally isolated from the substrate 10. The substrate 10 is
grounded, and the N-type semiconductor layer 12 is con-
nected to a cathode electrode 52 of the diode 6 via an N-type
semiconductor region 44 and an N*-type cathode region 42.

A plurality of P-type semiconductor regions 43 and a plu-
rality of N-type semiconductor regions 44 are formed on the
surface of the N-type semiconductor layer 12. The P-type
semiconductor region 43 and the N-type semiconductor
region 44 are alternately arranged in a striped planar pattern,
for example. The P-type semiconductor region 43 and the
N-type semiconductor region 44 are apatt.

A P*-type anode region 41 is formed on the surface of each
P-type semiconductor region 43. The P-type impurity con-
centration of the P*-type anode region 41 is higher than the
P-type impurity concentration of the P-type semiconductor
region 43.

The N*-type cathode region 42 is formed on the surface of
each N-type semiconductor region 44. The N-type impurity
concentration of the N*-type cathode region 42 is higher than
the N-type impurity concentration of the N-type semiconduc-
tor region 44.

The insulating film 30 is provided between the P*-type
anode region 41 and the N*-type cathode region 42, and the
P*-type anode region 41 and the N*-type cathode region 42
are separated by the insulating film 30.

An anode electrode 51 is provided on the P*-type anode
region 41. The P*-type anode region 41 is in ohmic contact
with and electrically connected to the anode electrode 51 by
a desired method of being in direct contact, being in contact
via a metal silicide layer, or the like.

The cathode electrode 52 is provided on the N*-type cath-
ode region 42. The N*-type cathode region 42 is in ohmic
contact with and electrically connected to the cathode elec-
trode 52 by a desired method of being in direct contact, being
in contact via a metal silicide layer, or the like.

The logic element 7 has a structure different from the
switching element 5 with a DMOS structure and the diode 6,
and has a CMOS structure, forexample. FIG. 1 illustrates part
of'the logic element 7 (for example, an N-channel MOSFET).

The logic element 7 includes an N-type semiconductor
layer 13 formed in the substrate 10, for example. The N-type
semiconductor layer 13 and the P-type substrate 10 are joined
together by p-n junction, and the N-type semiconductor layer
13 is electrically isolated from the substrate 10.

A P-type semiconductor region 65 is formed on the surface
of'the N-type semiconductor layer 13. An N*-type semicon-
ductor region 61 and an N*-type semiconductor region 62 are
formed on the surface of the P-type semiconductor region 65.
One of the N*-type semiconductor region 61 and the N*-type
semiconductor region 62 functions as a drain region, and the
other functions as a source region.

A gate electrode 28 is provided on the channel region (the
surface area of the P-type semiconductor region 65) between
the N*-type semiconductor layer 61 and the N*-type semi-
conductor region 62 via a gate insulating film 29.

An N-type semiconductor region 66 is formed adjacent to
the P-type semiconductor region 65 on the surface of the
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N-type semiconductor layer 13. An N*-type semiconductor
region 64 is formed on the surface of the N-type semiconduc-
tor region 66.

The N-type impurity concentration of the N*-type semi-
conductor region 64 is higher than the N-type impurity con-
centration of the N-type semiconductor region 66.

A P*-type semiconductor region 63 is formed on the sur-
face of the P-type semiconductor region 65. The insulating
film 30 is formed between the P*-type semiconductor region
63 and the N*-type semiconductor region 62. The insulating
film 30 is formed between the P*-type semiconductor region
63 and the N*-type semiconductor region 64.

The switching element 5, the diode 6, and the logic element
7 are formed on the surfaces of the N-type semiconductor
layer 11, the N-type semiconductor layer 12, and the N-type
semiconductor layer 13, respectively, which are electrically
isolated from the substrate 10. That is, none of the switching
element 5, the diode 6, and the logic element 7 are electrically
connected via the substrate 10.

While the substrate 10 is grounded, the electric potentials
of the N-type semiconductor layer 11 and the N-type semi-
conductor layer 12 are high potentials. Therefore, it is less
likely that a current will flow from the switching element 5,
the diode 6, and the logic element 7 to the substrate 10.

The switching element 5 is used for an H bridge circuit, an
inverter circuit, a DC-DC converter circuit, and the like that
output a large current, for example.

FIG. 2 is a circuit diagram of a circuit including the semi-
conductor device of the embodiment.

The switching element (high-side switching element) 5
described above and a low-side switching element 4 are con-
nected in series between a power supply line (input line) 111
that is connected to a power source and is supplied with a
power supply voltage (input voltage) Vcce and a ground ter-
minal.

The source terminal (the source electrode 32) of the
switching element 5 is connected to the power supply line
111, and the drain terminal (the drain electrode 31) is con-
nected to an output line 112.

The low-side switching element 4 is an N-channel MOS-
FET, for example. The drain terminal of the low-side switch-
ing element 4 is connected to the drain terminal of the switch-
ing element 5 and the output line 112. The source terminal of
the low-side switching element 4 is connected to the ground
terminal.

The diode 6 described above is connected between the
power supply line 111 and the output line 112. The anode
terminal (the anode electrode 51) of the diode 6 is connected
to the output line 112, and the cathode terminal (the cathode
electrode 52) is connected to the power supply line 111.

A coil L is connected as an inductive load to the output line
112. Thus, the switching element 5 and the diode 6 are con-
nected in parallel between the power source and the coil L.
That is, the switching element 5 and the diode 6 include a
terminal connected to the power source and a terminal con-
nected to the coil L.

The high-side switching element 5, the low-side switching
element 4, and a driver circuit or a control circuit that drives
them are integrated in one chip.

In a DC-DC converter (buck converter), an average output
voltage lower than the input voltage Vce is outputted by
switching the high-side switching element 5 and the low-side
switching element 4 to ON and OFF alternately, for example.

When the low-side switching element 4 is ON and the
high-side switching element 5 is OFF, a current is outputted to
the low-side switching element 4 and the ground terminal
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from an output terminal via the coil L. Atthis time, the current
flows through the coil L, and energy is accumulated in the coil
L.

Next, when the high-side switching element 5 and the
low-side switching element 4 are set to ON simultaneously, a
through current flows from the power supply line 111 to the
ground terminal via the switching elements 5 and 4. To avoid
this, in setting the duty of ON/OFF of the switching elements
5 and 4, a dead time is set that is a period when both of the
switching elements 5 and 4 are OFF.

In the dead time period, the gate of the switching element
5 is OFF, but the coil L continues to pass a current due to the
accumulated energy; therefore, a regenerative current flows
through the body diode of the switching element 5 (the p-n
junction between the P-type semiconductor region 23 and the
N-type semiconductor region 11 in FIG. 1). At this time, a
parasitic PNP transistor 91 may operate.

The switching element 5 is made to have a high breakdown
voltage by the depletion layer spreading from the p-n junction
between the N-type semiconductor layer 11 and the P-type
substrate 10. Inthis regard, the N-type impurity concentration
in the N-type semiconductor layer 11 and the P-type impurity
concentration in the P-type substrate 10 are set at a low level.

Since the N-type impurity concentration in the N-type
semiconductor layer 11 is low, the recombination current of
the base of the parasitic PNP transistor 91 is reduced, and the
base resistance 94 is increased; thus, a current is more likely
to flow to the substrate 10.

Since also the parasitic resistance 93 of the substrate 10 is
high, the electric potential of the substrate 10 is likely to
increase, and the base potential of an NPN transistor 100
parasitic on the switching element 5, the substrate 10, and
another element 7 (FIG. 1) increases; thus, the parasitic NPN
transistor 100 will operate.

If the parasitic NPN transistor 100 operates, the base cur-
rent of the parasitic PNP transistor 91 is supplied continu-
ously; consequently, the parasitic PNP transistor 91 will not
return to OFF but continue to operate, and accordingly the
parasitic NPN transistor 100 will not return to OFF either.
That is, it is feared that latch-up will be caused by the opera-
tion of the parasitic thyristor and a large current will flow into
the logic element 7 to break the logic element 7.

However, in the embodiment, the diode 6 is connected in
parallel to the switching element 5 between the power source
and the coil L.

Therefore, in the dead time period, the current I, flowing
from the coil L is dispersed into a current I"; flowing to the
drain side of the switching element 5 and a current I'; flowing
to the anode side of the diode 6, and the current I", flowing to
the substrate 10 via the parasitic PNP transistor 91 of the
switching element 5 can be reduced.

Although a parasitic PNP transistor 92 is produced also in
the diode 6 similarly to the switching element 5, the current I';
flowing to the substrate 10 can be suppressed by reducing the
base resistance 95 of the parasitic PNP transistor 92.

That is, the parasitic resistance of the diode 6 is lower than
the parasitic resistance of the switching element 5. Thus, the
current I, flowing from the coil L is more likely to flow from
the anode to the cathode of the diode 6, as currents I'; and I',,
and the current I'; flowing to the substrate 10 can be sup-
pressed.

Since the currents ["; and I'; flowing to the substrate 10 are
suppressed, the potential increase in the high resistive sub-
strate 10 is suppressed, and element breaking due to latch-up
caused by parasitic thyristor operation can be prevented.

In the embodiment, in order to make the parasitic resis-
tance of the diode 6 lower than the parasitic resistance of the
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switching element 5, the N-type impurity concentration in the
N-type semiconductor layer 12 is set higher than the N-type
impurity concentration in the N-type semiconductor layer 11,
for example.

FIG. 3 shows an example of the N-type impurity concen-
tration in the N-type semiconductor layer 12 of the diode 6
(solid line) and the N-type impurity concentration in the
N-type semiconductor layer 11 of the switching element 5
(broken line). The depth (um) on the horizontal axis repre-
sents the depth from the surface of each of the N-type semi-
conductor layer 12 and the N-type semiconductor layer 11.

When the peak concentration of the N-type semiconductor
layer 12 of the diode 6 is set to approximately 5x10*° (cm™)
and the peak concentration of the N-type semiconductor layer
11 of the switching element 5 is set to approximately 1.3x
10'S (cm™), the regenerative current flowing through the
N-type semiconductor layer 12 of the diode 6 with a smaller
parasitic resistance can be made larger than the regenerative
current flowing through the N-type semiconductor layer 11 of
the body diode of the switching element 5 with a larger
parasitic resistance, for example.

The range of the N-type impurity concentration of the
N-type semiconductor layer 12 and the N-type semiconduc-
tor layer 11 is set to 1x10° (cm™>) to 1x10'* (cm™>), depend-
ing on the breakdown voltage required.

In the embodiment shown in FIG. 1, the N-type semicon-
ductor layer 11 of the switching element 5 and the N-type
semiconductor layer 12 of the diode 6 are formed separately
in the P-type substrate 10. That is, between the N-type semi-
conductor layer 11 and the N-type semiconductor layer 12, a
P-type semiconductor region of a conductivity type opposite
to those of them is formed.

Therefore, carrier movement between the N-type semicon-
ductor layer 11 and the N-type semiconductor layer 12 is
suppressed, and malfunction of each ofthe switching element
5 and the diode 6 can be suppressed.

In order to make the parasitic resistance of the diode 6
lower than the parasitic resistance of the switching element 5,
the distance between the anode region 41 and the cathode
region 42 in the diode 6 is set shorter than the distance
between the drain region 21 and the source region 22 in the
switching element 5, for example. The distance herein refers
to the straight-line distance connecting both regions by the
shortest distance.

In order to make the parasitic resistance of the diode 6
lower than the parasitic resistance of the switching element 5,
the interconnection resistance of the diode 6 may be set lower
than the interconnection resistance of the switching element
5, for example.

The interconnection resistance of the diode 6 is the sum of
the anode interconnection resistance Rax and the cathode
interconnection resistance Rkx shown in FIG. 4. The anode
interconnection resistance Rax expresses the resistance of the
interconnection connecting the anode region 41 and the out-
put line 112 (including the resistance of the anode electrode
51). The cathode interconnection resistance Rkx expresses
the resistance of the interconnection connecting the cathode
region 42 and the power supply line 111 (including the resis-
tance of the cathode electrode 52).

The interconnection resistance of the switching element 5
is the sum of the drain interconnection resistance Rdx and the
source interconnection resistance Rsx shown in FIG. 4. The
drain interconnection resistance Rdx expresses the resistance
of' the interconnection connecting the drain region 21 and the
output line 112 (including the resistance of the drain electrode
31). The source interconnection resistance Rsx expresses the
resistance of the interconnection connecting the source
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region 22 and the power supply line 111 (including the resis-
tance of the source electrode 32).

When the interconnection resistance of the switching ele-
ment 5 (Rsx+Rdx) is set to 10 mQ and the interconnection
resistance of the diode 6 (Rax+Rkx) is set to 5 mQ, the
regenerative current [, from the coil L is more likely to flow to
the diode 6 than to the switching element 5, for example.

The width of the interconnection of the diode 6 (including
the anode electrode 51 and the cathode electrode 52) may be
set larger than the width of the interconnection of the switch-
ing element 5 (including the drain electrode 31 and the source
electrode 32); thereby, the interconnection resistance of the
diode 6 can be made lower than the interconnection resistance
of the switching element 5, for example.

The number of vias where electrodes are in contact with the
anode region 41 and the cathode region 42 in the diode 6 may
be set larger than the number of vias where electrodes are in
contact with the drain region 21 and the source region 22 in
the switching element 5; thereby, the interconnection resis-
tance of the diode 6 can be made lower than the interconnec-
tion resistance of the switching element 5.

FIG. 5 is a schematic cross-sectional view of a semicon-
ductor device of another embodiment.

In the semiconductor device shown in FIG. 5, an N*-type
buried layer 120 is provided between the N-type semiconduc-
tor layer 11 and the substrate 10 in the switching element 5. In
addition, the N*-type buried layer 120 is provided between
the N-type semiconductor layer 12 and the substrate 10 in the
diode 6. In addition, the N*-type buried layer 120 is provided
between the N-type semiconductor layer 13 and the substrate
10 in the logic element 7.

The N-type impurity concentration of the N*-type buried
layer 120 is higher than the N-type impurity concentration of
the N-type semiconductor layer 11, the N-type impurity con-
centration of the N-type semiconductor layer 12, and the
N-type impurity concentration of the N-type semiconductor
layer 13.

The power supply potential Ve is given to the N*-type
buried layer 120. By the N*-type buried layer 120, each of the
switching element 5, the diode 6, and the logic element 7 is
isolated from the substrate potential with reliability.

FIG. 6 is a schematic cross-sectional view of a semicon-
ductor device of still another embodiment.

Inthe semiconductor device shown in FIG. 6, the switching
element 5 and the diode 6 are formed on the surface of the
same N-type semiconductor layer 15 that is not separated but
continuous between these elements. Also in this case, the
switching element 5 and the diode 6 are electrically isolated
from the P-type substrate 10 by the N-type semiconductor
layer 15.

The switching elements 4 and 5 and the diode 6 of the
embodiment can be used for a motor control driver circuit
shown in FIG. 7. FIG. 7 shows a motor control driver circuit
of a bipolar drive system, in which two sets of the high-side
switching element 5 and the low-side switching elements 4
are used in order to make driving by passing a current through
the coil L in two directions.

A control signal of a control circuit 70 including the logic
element 7 is outputted to the gates of the high-side switching
element 5 and the low-side switching element 4. That is, the
control circuit 70 controls the ON/OFF of the switching ele-
ments 5 and 4.

As shown in FIG. 8, also the low-side switching element 4
is formed on the same substrate 10, along with the high-side
switching element 5, the diode 6, and the logic element 7.
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FIG. 9A is a schematic plan view showing arrangement
relationships among the logic element 7, the high-side
switching element 5, the diode 6, and the low-side switching
element 4 on the substrate 10.

The low-side switching element 4 is an N-channel DMOS,
and has the same structure as the high-side switching element
5, which is a P-channel DMOS, except that the conductivity
type of the corresponding component is opposite, for
example. In the low-side switching element 4 shown in FIG.
8, the components corresponding to the components of the
high-side switching element 5 described above are marked
with reference numerals including “N”.

By the embodiments described above, the regenerative
current is more likely to flow to the diode 6 side than to the
high-side switching element 5 side. Thus, in order to suppress
the regenerative current flowing to the logic element 7 side, it
is preferable that the position of the diode 6 and the position
of the logic element 7 on the substrate 10 be apart.

In a motor control driver circuit and the like, the parasitic
operation between the diode 6 and the high-side switching
element 5 poses no problem because the high-side side is
given the maximum voltage VM of the motor power supply
voltage. However, since the power supply voltage Vcc of the
logic element 7 is mostly lower than VM, the regenerative
current may flow to the logic element 7 via the substrate 10,
and the logic element 7 is likely to be broken due to latch-up.

In view of this, as shown in FIG. 8 and FIG. 9A, the
high-side switching element 5 is disposed between the logic
element 7 and the diode 6 on the substrate 10; thereby, the
possibility that the regenerative current flowing to the diode 6
will flow to the logic element 7 via the substrate 10 is reduced.

Alternatively, as shown in FIG. 9B, both the high-side
switching element 5 and the low-side switching element 4
may be disposed between the logic element 7 and the diode 6.

Alternatively, as shown in FIG. 9C, the low-side switching
element 4 may be disposed between the logic element 7 and
the diode 6.

For example, an N-type MOSFET may be used as the
switching element. In this case, the first semiconductor layer
is a P-type semiconductor. The P-type first semiconductor
layer and the P-type semiconductor substrate can be electri-
cally isolated by adding an N-type semiconductor layer sur-
rounding the periphery of the first semiconductor layer, for
example. Thus, the semiconductor substrate and the first
semiconductor layer do not necessarily have different con-
ductivity types. By providing a semiconductor layer electri-
cally isolating the substrate and the first semiconductor layer,
the effect of the invention of this application can be obtained
even when the substrate and the first semiconductor layer are
configured to have the same conductivity type.

Furthermore, also for the diode, even in the case of a diode
in which the second semiconductor layer is the P-type, the
P-type second semiconductor layer and the P-type semicon-
ductor substrate can be electrically isolated by adding an
N-type semiconductor layer surrounding the periphery of the
second semiconductor layer, for example.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modification as would fall within the scope and spirit of the
inventions.
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What is claimed is:

1. A semiconductor device comprising a switching element
and a diode provided on a substrate,

the switching element including:

a first semiconductor layer provided in the substrate and
electrically isolated from the substrate;

a drain region provided on a surface of the first semicon-
ductor layer;

a source region provided apart from the drain region on the
surface of the first semiconductor layer and having a
same conductivity type as the drain region;

achannel region provided between the drain region and the
source region on the surface of the first semiconductor
layer and having a conductivity type opposite to the
conductivity type of the drain region and the source
region;

a gate insulating film provided on the channel region; and

a gate electrode provided on the gate insulating film,

the diode including:

a second semiconductor layer provided in the substrate and
electrically isolated from the substrate;

an anode region provided on a surface of the second semi-
conductor layer; and

a cathode region provided apart from the anode region on
the surface of the second semiconductor layer,

the source region and the cathode region being connected
to a power source, and the drain region and the anode
region being connected to an inductive load.

2. The semiconductor device according to claim 1, wherein

the first semiconductor layer and the second semiconduc-
tor layer have a conductivity type opposite to a conduc-
tivity type of the substrate and

the first semiconductor layer and the second semiconduc-
tor layer contact the substrate by p-n junction.

3. The semiconductor device according to claim 1, wherein
a parasitic resistance of the diode is lower than a parasitic
resistance of the switching element.

4. A semiconductor device comprising a switching element
and a diode provided on a substrate,

the switching element including:

a first semiconductor layer provided in the substrate and
electrically isolated from the substrate;

a drain region provided on a surface of the first semicon-
ductor layer;

a source region provided apart from the drain region on the
surface of the first semiconductor layer and having a
same conductivity type as the drain region;

achannel region provided between the drain region and the
source region on the surface of the first semiconductor
layer and having a conductivity type opposite to the
conductivity type of the drain region and the source
region;

a gate insulating film provided on the channel region; and

a gate electrode provided on the gate insulating film,

the diode including:

a second semiconductor layer provided in the substrate and
electrically isolated from the substrate;

an anode region provided on a surface of the second semi-
conductor layer; and

a cathode region provided apart from the anode region on
the surface of the second semiconductor layer,

wherein an impurity concentration of the second semicon-
ductor layer is higher than an impurity concentration of
the first semiconductor layer.

5. The semiconductor device according to claim 1, wherein

a distance between the anode region and the cathode region in
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the diode is shorter than a distance between the drain region
and the source region in the switching element.

6. The semiconductor device according to claim 1, wherein
an interconnection resistance of the diode is lower than an
interconnection resistance of the switching element.

7. The semiconductor device according to claim 1, wherein

the first semiconductor layer and the second semiconduc-
tor layer have a same conductivity type and

the first semiconductor layer and the second semiconduc-
tor layer are separated by a region having an opposite
conductivity type to the first semiconductor layer and the
second semiconductor layer.

8. The semiconductor device according to claim 1, further
comprising a buried layer provided between the substrate and
the first semiconductor layer, and between the substrate and
the second semiconductor layer, the buried layer having an
opposite conductivity type to the substrate.

9. The semiconductor device according to claim 1, wherein
the switching element has a DMOS (double diffused metal
oxide semiconductor field effect transistor) structure.

10. The semiconductor device according to claim 1, further
comprising a logic element provided on the substrate, the
logic element having a different structure from the switching
element and the diode.

11. The semiconductor device according to claim 10,
wherein the switching element is provided between the logic
element and the diode.

12. The semiconductor device according to claim 1, further
comprising a logic element provide on the substrate, wherein
the logic element controls the switching element, wherein the
switching element is provided between the logic element and
the diode.

13. A semiconductor device comprising a switching ele-
ment and a diode provided on a substrate,

the switching element including:

a first semiconductor layer provided in the substrate and
electrically isolated from the substrate;

a drain region provided on a surface of the first semicon-
ductor layer;

a source region provided apart from the drain region on the
surface of the first semiconductor layer and having a
same conductivity type as the drain region;

a channel region provided between the drain region and the
source region on the surface of the first semiconductor
layer and having a conductivity type opposite to the
conductivity type of the drain region and the source
region;

a gate insulating film provided on the channel region; and

a gate electrode provided on the gate insulating film,

the diode including:

asecond semiconductor layer provided in the substrate and
electrically isolated from the substrate;

an anode region provided on a surface of the second semi-
conductor layer; and

a cathode region provided apart from the anode region on
the surface of the second semiconductor layer,

wherein the switching element includes a P-channel
DMOS (double diffused metal oxide semiconductor
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field effect transistor) and an N-channel DMOS con-
nected in series to the P-channel DMOS.

14. The semiconductor device according to claim 13,
wherein the diode is connected in parallel to the P-channel
DMOS.

15. The semiconductor device according to claim 13, fur-
ther comprising a logic element provided on the substrate, the
logic element having a different structure from the P-channel
DMOS, the N-channel DMOS, and the diode.

16. The semiconductor device according to claim 15,
wherein at least one of the P-channel DMOS and the N-chan-
nel DMOS is provided between the logic element and the
diode.

17. The semiconductor device according to claim 1,

wherein the first semiconductor layer and the second semi-
conductor layer are same layers.

18. The semiconductor device according to claim 1, further
comprising

a first semiconductor region having a conductivity type
opposite to the conductivity type of the first semicon-
ductor layer and provided on the surface of the first
semiconductor layer;

a second semiconductor region provided on the surface of
the first semiconductor layer adjacent to the first semi-
conductor region, the second semiconductor region hav-
ing the same conductivity type as the first semiconductor
region, wherein an impurity concentration of the second
semiconductor region is higher than that of the first
semiconductor region; and

a third semiconductor region having the same conductivity
type as the first semiconductor layer and provided on the
surface of the first semiconductor layer;

wherein the drain region is formed on a surface of the
second semiconductor region, and the source region is
formed on a surface of the third semiconductor region.

19. The semiconductor device according to claim 1, further
comprising

a pair of first semiconductor regions having a conductivity
type opposite to the conductivity type of the first semi-
conductor layer and provided on the surface of the first
semiconductor layer;

a second semiconductor region provided on the surface of
the first semiconductor layer between the pair of first
semiconductor regions, the second semiconductor
region having the same conductivity type as the pair of
first semiconductor regions, wherein an impurity con-
centration of the second semiconductor region is higher
than that of the pair of first semiconductor regions; and

a pair of third semiconductor regions having the same
conductivity type as the first semiconductor layer and
provided on the surface of the first semiconductor layer
apart from each of the pair of first semiconductor
regions;

wherein the drain region is formed on a surface of the
second semiconductor region, and the source region is
formed on a surface of the pair of third semiconductor
regions.



